Results: A total of 211 patients were submitted to surgery. Fall and injuries in the upper cervical and lumbosacral regions were associated with conservative treatment. Patients with lesions in the lower cervical spine, worse neurological status, and unstable injuries were associated with surgery. Individuals undergoing surgery were associated with complications after treatment. The authors assessed whether age influenced the characteristics of patients submitted to surgery. Subjects with <60 years of age were associated with motorcycle accidents and the morphologies of injury were fracture-dislocation. Elderly individuals were associated to fall, SCI in the lower cervical spine and the morphology of injury was listhesis. Subsequently, the authors analyzed the gender characteristics in these patients.
Introduction
The spinal cord injury (SCI) refers to vertebral column lesions that may result in transient or irreversible consequences, depending on the affected tissues during trauma. [1] [2] [3] The clinical complications after SCI are being evaluated [3] [4] [5] to improve interventions and achieve better prognosis for these patients, reducing socioeconomic costs and mortality. However, there are few studies addressing the characteristics and clinical aspects of patients undergoing surgery. Only one descriptive study 6 was found in Brazil, demonstrating the need to better understand this population and determine where investments should be made for prevention and treatment. Moreover, cultural factors and regional differences must not be neglected. 7 There are numerous technical instrumentation and fixation methods used in patients with traumatic cord spinal injury. However, the technique used depends on the patient, characteristics of the lesion and on the surgeon's experience. In general, posterior instability should be treated by posterior fusion and anterior instability by anterior fusion. However, when there is complete discoligamentous injury, circular or combined fixation is recommended to give adequate stabilization. 8 Surgical intervention promotes dissection and retraction of the several structures to exposure of spine to correct the injury installed, 9 possibly resulting in other tissue lesions, and, as a consequence, increasing the clinical complications and mortality.
Therefore, the objective of this study is to identify the characteristics and clinical aspects of patients with spinal cord injury submitted to surgery.
Methodology
Prospective study conducted at Hospital de Base, a tertiary referral center. Study approved by the Research Ethics Committee, protocol 806.452.
Three hundred and twenty-one patients with SCI were selected from 2008 to 2012. An initial evaluation was made to confirm the diagnosis of SCI. Patients were submitted to radiological analysis using computed tomography and/or magnetic resonance imaging. 2 The following variables were analyzed: gender; age; etiology, morphology and topography of the SCI; neurological status; syndromic status; associated injuries; complications; length of hospitalization and deaths.
Patients with injury in the upper cervical region (C1-C2), lower cervical (C3-C7), thoracic (T1-T10), thoracolumbar transition (T11-L2) and lumbosacral (L3-S1) were included in the study. 3 Morphological classification of lesions was performed as suggested by Denis. 10 The neurological status of patients was obtained by the ASIA scale (American Spinal Injury Association). 11 Clinical complications presented within 30 days of hospitalization were collected. 3 Initially, the variables frequently presented by patients undergoing surgery were reported. We then evaluated the factors most associated with surgery when compared to conservative treatment, age, gender and morbidity/mortality in men submitted to surgical treatment in the cervical spine.
Data analysis was performed using descriptive and inferential statistics. Descriptive results were expressed as mean ± standard deviation (parametric distribution), median with minimum, maximum (non-parametric distribution), and absolute and relative frequencies. The analysis of the normality of the data was performed using the Kolmogorov-Smirnov test. Data with parametric distribution were analyzed by unpaired t test, and the nonparametric for Mann-Whitney test. The association between variables was assessed for Odds Ratio (OR) with a confidence interval (CI), being confirmed by the Fisher exact test. A p ≤ 0.05 value was considered statistically significant. Statistical analysis was performed using Instat software (version 3.0, GraphPad, Inc., San Diego, CA, USA).
Results
Individuals with SCI who were submitted to surgery (n = 211) were from the private healthcare service (18%) and from the public healthcare system (82%). Patients from 65 different cities examined. With regard to ethnicity: 85% were Caucasian, 8% mulatto, 4% Black, 3% unidentified. The level of education was classified as illiterate (4%), primary education (59%), secondary education (26%) and higher education (11%). The most frequent marital status was single (47%), followed by married (38%), widowed (8%) and divorced (4%), and seven individuals not reported. The occupation of patients was distributed to employees (83%), home worker (7%), unemployed (5%), students (4%) and retired (1%). Religion was distributed as Roman Catholic (76%), Evangelical Protestant (10%), Orthodox Catholic (5%), agnostic (5%) and others (4%).
In addition, we observed that these patients are mainly: male (77%); admitted after suffering a car accident (41%); associated lesion: traumatic brain injury (12%); the lower cervical spine is the most affected region (49%); cervicalgia with paresthesia (22%); morphological diagnosis of fracture dislocation (34%); and neurological status ASIA-E (39%). Surgical interventions were distributed as anterior (51%) and posterior (46%) arthrodesis, decompressive laminectomy (4%) and corpectomy (9%). Of these patients, 10% required more than one surgical procedure simultaneously.
The factors most associated with surgery when compared to conservative treatment such as age, gender and morbidity/mortality in men undergoing surgical treatment in the cervical area are shown in Fig. 1 .
Surgical or conservative treatment
Patients were initially analyzed to verify what were the criteria most associated to treatment options, surgical (n = 211) or conservative (n = 110). The characterization and predictive factors are shown in Table 1 Thirty-five individuals had lesions in two regions concomitantly. Individuals who had SCI in the upper cervical and lumbosacral regions were referred mainly to conservative treatment, whereas patients with lesions in the lower cervical region were more associated with surgery. In this context, the syndromic status more associated with conservative treatment was neck and dorsal pain with paresthesia, whereas paraparesis, paraplegia and quadriplegia were more related to surgery. Patients with better neurological status were more associated with conservative treatment, whereas those with worse neurological status were more related with surgery. Patients with sensorimotor alterations were seven times more in operated patients.
Regarding the associated injuries, there were 180 events, and 31 patients had two lesions, and 15 had three lesions simultaneously. Patients admitted with associated lesions in the lower limbs and traumatic brain injury were significantly more referred to conservative treatment.
Morphological diagnosis of lesions obtained by imaging exame showed that patients with linear fracture of the vertebral body and compression fracture were referred to conservative treatment. However, patients with burst fracture, dislocation fracture and listhesis were referred to surgery. Thirty-two individuals had two morphologic diagnoses, whereas three of them had three simultaneous lesions.
Operated individuals were significantly more associated with complications after SCI. There were 86 complication events in 54 patients undergoing surgery, of which 13 had two complications, and seven had three complications. The complications most incidents in individuals submitted to surgery were pneumonia (11%) and urinary tract infection (8%), however, there was no difference among the non-surgical patients.
After admission, hospital stay was significantly longer in individuals undergoing surgery [7 (1-127 ) days] when compared to those with conservative treatment [3 (1-112) days]. Other variables were not significantly different.
Surgical treatment according to age
We then evaluated if the variable age, <60 years (5-59 years, n = 182) or ≥60 years (60-89 years, n = 29), played a role in the characteristics of patients undergoing surgery, according to 
Surgical treatment according to gender
Subsequently, we analyzed the characteristics of both genders (♂n = 163; ♀n = 48) in patients undergoing surgery. The characterization and predictive factors are shown in Table 3 . Mean age in operated women [37 (6-84) years] was not significantly different (p = 0.160, Mann-Whitney test) than in men [36 (5-89) years]. We observed that women who suffered car accidents were three times more subjected to surgical intervention.
Nineteen individuals had two morphological simultaneous diagnoses. Nineteen patients had two, and five had three lesions associated with SCI. Men with traumatic brain injury and thoracic trauma were more related to surgery than women.
Twenty individuals presented lesions in two regions concomitantly. The topography of lesion was divided into upper (6%) and lower cervical (49%) spine, thorax (19%), thoracolumbar (29%) and lumbosacral (6%) transition. The affected regions did not differ between genders.
When analyzing the symptoms, it was observed that women are three times more associated with paraparesis. Still, women were more associated with the morphologic diagnosis burst fracture, especially in the thoracolumbar transition and lower back (OR: 18.4, IC: 4.266-79.371; p < 0.0001, Fisher test).
Men have a worse neurological status and had three times more complications than women, especially the presence of pneumonia after surgery. Twenty patients had two complications, whereas seven patients had three simultaneous complications. The length of hospital stay in men [8 (1- Morbidity/mortality in men undergoing surgical treatment after SCI in the cervical spine As observed previously, men and cervical region were most affected and are more susceptible to complications, thereby, these subjects were analyzed separately. The characterization and predictive factors are shown in Tables 4 and 5 .
Ninety-two men were analyzed. They were divided into a group without complications (n = 63) and another group of patients who presented complications (n = 29). Mean age (without complications = 41 ± 17 years; with complications = 46 ± 20 years) was similar (p = 0.162, unpaired t-test). Individuals with complications had longer hospital stay (p < 0.0001, Mann-Whitney test). The main cause of SCI in both groups was motor vehicle accident, corresponding to 43% of the individuals (Table 4) .
The main morphologies of trauma were: fracture dislocation (37%) and listhesis (34%). Six individuals had two morphological lesions associated to SCI (Table 4 ). The presence of two simultaneous morphological diagnoses of injury increased the association with postoperative complications. The most prevalent topography of injury was C6 (n = 58), followed by C5 (n = 45), C7 (n = 27), C4 (n = 24), C3 (n = 12), C2 (n = 10) and C1 (n = 1). Four patients had four injured vertebrae, 11 had injuries in three vertebrae, 61 in two, and 16 had only an injured vertebra. Furthermore, ten patients had a vertebral injury in the thoracic spine simultaneously.
The most common neurologic status according to the ASIA scale were "E" (35%), followed by "A" (33%). However, individuals without complications had predominantly ASIA-E (41%), whereas ASIA-A (69%) was more associated to complications ( Table 4) .
The most prevalent syndromic state was tetraplegia (33%), followed by cervicalgia (29%). The tetraplegia was more associated with the development of complications after surgery. There were sensorimotor alterations in the groups (no-complication = 34; complication = 23). Individuals with complications were three times more associated with sensorimotor alterations subsequent to SCI. Thirty-eight men suffered injuries associated with the SCI (without complications = 27, with complications = 11). Traumatic Brain Injury was the most common in this population (without complications = 15, with complication = 6), as shown in Table 4 . Thoracic trauma was the second most frequent associated injury in patients with complications (14%). However, only thoracic trauma demonstrated an association with mortality (Table 5) . Two subjects suffered three injuries, 14 suffered two, and the others (n = 32) only one injury associated with the SCI.
The most common complications presented were pneumonia (66%), urinary tract infection (31%), atelectasis (14%), hypovolemic shock (7%), late hemodynamic instability (7%), sepsis (7%) and others complications in only one individual per category (45%). Five subjects had three complications, 12 had two, and the others (n = 12) had only one complication after the SCI. There were 11 cases of death, 82% in the individuals with complications. Complications were 14 times more associated with mortality. Pneumonia was associated with increased mortality (OR: 31.95, CI = 6.02-169.64; p < 0.0001). Neurological status ASIA-A was 30 times more associated with mortality and ASIA-E was more associated with hospital discharge (Table 5) . Tetraplegia, sensorimotor alterations and the presence of two morphological injury diagnoses were more associated with mortality. Cervicalgia was more associated with hospital discharge (Table 5) .
Discussion
Aiming at identifying the characteristics and clinical aspects of patients with spinal cord injury undergoing surgery, we analyzed the variables most associated with surgery when compared to conservative treatment, age, gender and morbidity/mortality in men submitted to surgical treatment in the cervical.
The most frequent cause of SCI was car accident, but it was not a determining variable in the choice of treatment. Falling was more associated with conservative treatment and with elderly when submitted to surgery. The increased risk of falling in the elderly may be due to musculoskeletal weakness, decreased proprioception and balance, cognitive impairment and visual, polypharmacy and associated diseases. 12 Moreover, cultural factors and regional differences must not be neglected. 7 Regarding the affected segment, the upper cervical and lumbosacral regions were more associated with conservative treatment. Possibly due to the size of the vertebral canal in the upper cervical spine and high stabilization provided to ligaments of atlanto-occipital articulation, lesions in this region are stable and rare. In relation the lumbar (L3-L5) region, a better prognosis may be explained by the fact that the vertebral body is wider; by the amount of muscles; orientation of articular facets; pelvic stability and ilio-lumbar ligaments. 13 The lower cervical region was the most affected in individuals who required surgery, and age was a determining factor. In this region, the bony and ligamentous elements are totally responsible for the stabilization of segmental vertebrae and the canal is narrower, thereby, the SCI can be more severe. 13 Thus, the affected segment determines the most appropriate treatment.
When subjected to imaging tests, there was an association of linear fracture of the vertebral body and compression fracture to conservative treatment, whereas listhesis, burst fracture and dislocation fracture were more associated with surgery. Surgical intervention may be related the need to stabilize the spine to prevent neurological damage or deformities in the injured region. In this context, the immediate immobilization after any type of trauma is extremely relevant. 13 Listhesis and dislocation fracture were more frequently observed in the elderly, and individuals with <60 years, respectively. These morphologies promote failures in three columns of Denis 10 being the most unstable injuries 8, 14 and can result in poor prognosis for the patient.
Listhesis refers to the anterior or posterior sliding relative to the lower vertebra. 15 In this study it was observed that the fall was the cause more closely associated with the elderly. Thus, this etiology associated with progressive degeneration of articular facets and intervertebral discs during aging, 15 may justify the morphology more associated with elderly.
In younger patients (<60 years), motorcycle accident demonstrated to be a determining factor for the need for surgery. According to Oliveira et al., 16 these patients do not use appropriate safety equipment or are associated with some type of traffic infraction, and are more susceptible to polytrauma. Therefore, the etiology of injury can justify the morphology (fracture dislocation) associated to this population, with the presence of bone lesions and adjacent soft tissues. These results indicate the need of investments in traffic education as a means of prevention.
In addition, older patients were significantly more submitted to surgery, and the elderly had increased mortality. This can be explained by the higher prevalence of comorbidities in these patients. 17 Women with SCI were more associated with the necessity of surgery and with burst fracture. However, the non-surgical treatment has been recommended due to a satisfactory functional prognosis after this morphologic diagnosis of lesion. 18 Burst fracture involves the axial constriction of vertebral body, more frequent in a high degree of flexion, with comminuted characteristic, involving the upper plateau and the posterior margin of vertebral body with retropulsion of fragment for the vertebral canal. 19 The high rate of surgery in women observed in this study is probably due to the need for decompression of neural elements to preserve or improve neurological function. 13 Therefore, a radiological evaluation could help in the choice of an appropriate therapy.
In men the presence of two morphologic diagnosis of simultaneous injury was associated with higher mortality, regardless of the morphology. This type of injury requires multilevel spinal fusion, is more traumatic to the patient, has longer surgery time and loss of intraoperative blood. 20 Thus, these factors render patients more vulnerable to evolve with death.
During clinical evaluation, women have a greater association with paraparesis. This is a result of the higher incidence of burst fracture in the thoracolumbar transition and lumbar region. 13 This morphology is frequently displayed when the sample is associated with automobile accidents. These results were demonstrated in this research. Neurological status, clinical status (paresis and plegia) and sensory and motor function were variables associated with the choice of treatment when negative. However, when individuals are analyzed according to gender, a worse status and sensorimotor alterations were significantly more frequent among men, being a determining factor for the presence of complications and mortality when submitted to surgery in the cervical spine. Chen and Chen 21 indicate that these prognostic factors should be analyzed together with imaging tests. The presence of unstable fractures in the spine is determinant in the choice of treatment.
In individuals submitted to conservative treatment the associated lesions in the lower appendicular limb and traumatic brain injury are more frequent. Among patients undergoing surgery, men were more related to the presence of polytrauma, being the traumatic brain injury and thoracic trauma the most common ones. The highest incidence of polytrauma in men is related to greater frequency in driving motor vehicles and vulnerability to urban violence. 22 Therefore, the characterization of these patients contributes to social and educational projects and should be implemented to reduce their incidence.
Tetraplegia and thoracic trauma were more associated with complications and mortality in men submitted to surgery in the cervical region. These individuals have more complications after SCI, especially pneumonia, are associated with mortality when submitted to surgery in the cervical region. These variables are related because the thoracic trauma alters the pulmonary mechanics. Furthermore, pneumonia may be due to paralysis of the diaphragm muscle (innervation: phrenic nerve; medullar level: C3-C5) and functional deficiency of the accessory muscles in breathing. Still, an imbalance of autonomic function may result in hypertrophy of mucous glands in the lower airways, leading to pulmonary hypersecretion. 3, 23 Immobility may influence other clinical complications, 24 highlighting the importance of early physiotherapy in these patients.
Variables such as surgical treatment, male gender and the presence of complications contributed to longer hospital stay. Intensive physiotherapy has demonstrated to be essential in reducing the length of hospital stay and costs, 25 operating focused on motor rehabilitation, respiratory intervention and use of electrotherapy resources to stimulate the muscles which are in disuse, secondary to denervation. 26 Therefore preventing clinical complications, promoting greater functional independence and resulting in improved quality of life. 26 
Conclusion
These characteristics contribute to better conduct in the diagnosis of patients, enabling more appropriate and rapid intervention treatment. Moreover, age and gender indicate particularities which should be taken into account during clinical management.
Therefore, the characterization of patients undergoing surgery contributes directly to a better care and therapy. Thus, being aware of these factors enables a better prognosis, providing better investments in prevention, rehabilitation and appropriate treatment of patients with SCI undergoing surgery.
